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Primers are Decisive for 
Sensitivity of PCR 

ABSTRACT 

A sufficient sensitiviry of PCR is a pre- 
requisite for its use in the diagnosis of in- 
fectious diseases. We have used PCR for 
delecting gene elements of Borrelia burg- 
dorferi, mycobacteria and Bordetella per- 
tussis. With all these microbe groups, diffi- 
culties were encountered in achieving the 
demanded sensitiviry with the primer pairs 
primarily selected. An extensive testing of 
various reaction parameters did not im- 
prove the sensitiviry. Subsequently, we syn- 
thesized more primers derived from slight- 
ly different positions of the original target 
sequences. When the original and new pri- 
mers were tested in possible combinations, 
some primer pairs reached J 00-fold to 
1000-fold higher sensitiviry than the pri- 
mary pairs. We conclude that in optimiz- 
ing the sensitivity of PCR, more emphasis 
should be put on testing of several primer 
pairs than on the extensive screening of 
reaction parameters. Thus far, a trial-and- 
error approach has to be used, because 
there is no means to predict the sensitiviry 
properties of a selected primer pair. 

INTRODUCTION 

Polymerase chain reaction (PCR) is 
used in the diagnosis of many infec- 
tious diseases (3,7). To detect small 
amounts of microbial DNA among eu- 
karyotic gene material, PCR has to be 
very sensitive and specific. It is well 



Table 1. Sequences of the Oligonucleotide Primers 



Oligonucleotide 



Sequence (5-3') 



B. burgdorferi 
B4 
B5 
WK1 
WK2 
FL7 

M. tuberculosis 

MV1 

MV2 

MV4 

MV5 
B. pertussis 

BP1 

BP2 

BP3 

BP4 



(128) CTGCTGGCATGGGAGTTTCT (147) 
(857) TCAATTGCATACTCAGTACT (838) 
(271) AAGGAATTGGCAGTTCAATC (290) 
(560) ACAGCAATAGCTTCATCTTG (541) 
(767) GCATTTTCAATTTTAGCAAGTGATG (743) 

(579) GGCCAGTCAAGCTTCTACTCCGACTGG (605) 
(1001) GCCGTTGCCGCAGTACACCCAGACGCG (975 
(953) CCCGACGTTCAACAGCGGGTC (933) 
(693) AACAGGCACGTCAAGCCCACC (713) 

(12) GATTCAATAGGTTGTATGCATGGTT (36) 
(192) TTCAGGCACACAAACTTGATGGGCG (168) 
(41) CGAACCGGATTTGAGAAACTGGAAAT (66) 
(164) AATTGCTGGACCATTTCGAGTCGACG (139) 



known that the efficiency of PCR de- 
pends on several reaction parameters, 
such as the annealing temperature and 
concentrations of magnesium, primers 
and polymerase (9,12). We have used 
PCR for the diagnosis of infections 
caused by Borrelia burgdorferi, myco- 
bacteria and Bordetella pertussis (4,5, 
8,10,1 1). Although various reaction pa- 
rameters were extensively screened, the 
primer pairs primarily selected did not 
always allow a sensitivity sufficient for 
clinical diagnosis. In contrast, a dra- 
matic improvement of the sensitivity 
was obtained by new combinations of 
primers, which were derived from 
slightly different positions of the origi- 
nal target gene sequences. 



MATERIALS AND METHODS 

DNA Preparation 

The details of DNA extraction from 
the bacterial cells and the clinical speci- 
mens have been described previously 
(4,10,11). Serial dilutions (dilution 
factor: 10) of purified DNA extracted 
from B. burgdorferi (Catalog #35210: 
ATCC, Rockville, MD. USA), Myco- 
bacterium tuberculosis (H37Rv) or B. 
pertussis (a clinical isolate) were used 
for "the sensitivity assessments. For per- 



tussis PCR. DNA was also extracud 
from seven nasopharyngeal swabs col- 
lected from a culture-confirmed pertus- 
sis case during nine consecutive days. 
The first three of the swabs grew B. 
pertussis by culture. 

Oligonucleotide Primers 

Thirteen oligonucleotide primes 
were used (Table 1). Five primers ut-.e 
derived from the gene encoding 41- 
kDa flagellin of B. burgdorferi 
(5.8.1 1 ): four primers from the i:ene en- 
coding the 32-kDa secreted protein of 
M. tuberculosis (10); and four primers 
from the repeated gene element of B. 
pertussis (4). Oligonucleotides were 
synthesized by an automatic DNA syn- 
thesizer (Model 391 PCR-Mate M 
DNA Synthesizer; Applied Biosystems, 
Foster City, CA, USA) based on phos- 
phoamidite chemistry. Five primer 
combinations (B4-B5, B4-WK2. WK 1- 
B5, B4-FL7 and WK1-FL7) were 
tested in borrelia PCR, two combina- 
tions (MV1-MV2 and MV4-MV5) in 
mycobacterial PCR and four combina- 
tions (BPI-BP2. BP1-BP4. BP3-BP2 
and BP3-BP4) in pertussis PCR. 

Polymerase Chain Reaction 

The standard reaction mixture con- 
tained 50 mM KC1, 10 mM Tri>-HCI 
ipH8.8). l.5mMMgCl2,0.l l + Triton 3 
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X- 100 t 200 \xM deoxyribonucleotides 
(Pharmacia P-L BiochemicaJs, Mil- 
waukee. WI, USA), 20 pmol of each 
oligonucleotide primer. 1 U of polym- 
erase (DyhaZyme™ : FINNZYMES, 
Espoo, Finland) and purified DNA. 
The reaction volume was 50 uX, and a 
total of 40 cycles were carried out in a 
thermal cycler (HB-TR1; Hybaid Ltd., 
Middlesex. UK). For the borrelia PCR, 
the temperatures were 94°C for 1 min 
(denaturation), 50°C for 1 min (anneal- 
ing) and 72°C for 1.5 min (extension); 
for mycobacteria] PCR, 94°C for 1 
min, 55°C or 65°C for 1 min and 72°C 
for 1 min; for pertussis PCR, 94°C for 
1 min, 57°C for I min and 72°C for 1 
min. After amplification, a 20-jiL vol- 
ume of the reaction mixture was run in 
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Figure I. Amplification of purified B. 
burgdorferi DNA with four primer pairs tar- 
geted at the gene encoding 41-kDa flagellin. 

For all panels, lane L contains molecular weight 
markers: lanes I and 2. positive and negative 
controls: lanes 3-9. serial dilutions (dilution 
factor: ID) of purified DNA extracted from B. 
burgdorferi (lane }. 300 ny per reaction tube; 
lane 9. 300 I'g per reaction tubej. The PCR pro- 
tocol used uas as described in Materials ajid 
Methods. (A) pnmer pair B4-WK2, (B) primer 
pair WKI-B5. (Ci pnmer p;nr B4-FL7 and (D) 
pnmer pair \\K NFL' 



a 1.5% or 29c agarose gel. After stain- 
ing with ethidium bromide and destag- 
ing with water, PCR products were 
visualized and photographed under UV 
light. 

RESULTS 

For borrelia PCR. the primary 
primer pair was B4-B5 (Table 1). With 
the standard PCR protocol, the detec- 
tion limit by this primer pair was 300 
pg of DNA (about 6 x 10 4 organisms) 
per reaction tube. An extensive screen- 
ing of reaction parameters, including 
concentration of primers, magnesium, 
oligonucleotides and polymerase, was 
. done to find out the optimal conditions. 
Further, a preincubation of PCR mix- 
ture at 96 3 C for 10 min was tested, as 
well as annealing temperatures of 42°C 
and 54°C. None of the tested condi- 
tions provided anv improvement in the 
sensitivity of borrelia PCR. and in most 
of them the performance of PCR was 
even worse than in the standard condi- 
tions (data not shown). 

After this unfruitful optimization of 
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Figure 2. Amplification of purified Af. tuber- 
culosis DNA with two primer pairs targeted at 
the gene encoding the 32-kDa secreted protein 
o( M. tuberculosis. For both panels, lane L con- 
tains molecular weight markers: lanes 1-6. serial 
dilutions (dilution factor: 10) of purified DNA 
extracted from M. mbenulusis tlane J. 5 ng per 
reaction tube: lane 6. 50 fg per reaction tube) and 
lane 7 negative control. The PCR protocol used 
was as described in Materials and Methods. (A) 
primer pair MVI-MV2 and iB» primer pair 
MV4-MV5 



reaction parameters, three new primer* 
(WKL WK2 and FL7) were synthe 
sized. The new primers and the origj na j 
ones were tested in four combinations 
using the standard PCR protocol The 
detection limits obtained by two 0 f 
these pairs (B4-WK2 and WK I -B5) 
were one-tenth lower (30 pg per reac- 
tion tube) than that obtained by the 
original pair (Figure I. A and B). One 
primer pair (B4-FL7) improved the 
sensitivity 100-fold (3 pg per reaction 
tube) (Figure IC). The detection limit 
obtained by the fourth pair (WK1-FL7) 
was the lowest among these primer 
pairs (0.3 pg per reaction tube) (Figure 
ID). " . 




Figure 3. Amplification of purified B. pen us 
sis DNA with four primer pairs targeted at 
repeated gene element of B. pertussis. For all 
panels, lane L contains molecular weight mark- 
ers: lanes S and 9. positive and negative controls: 
lanes 1-7. DNA preparations extracted from 
seven nasopharyngeal \wjb» collecied Iron- a 
culiure -confirmed pertu>si.\ ca.se during :«-fl* 
consecutive da\v Samples 1-3 were culture- 
positive. The PCR protocol used *as as de- 
scribed in Materials and Methods. (A> pnmer 
pair BPI-BP2. (Bi pnmer pair 8PI-BP4. (C) 
pnmer pu.r BP.-BP: und iQi pnmer pair BP3- 
BP4 
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The primary primer pair in myco- 
bacterial PCR was MVI-MV2. The de- 
tection limit by this primer pair with 
the standard protocol was 50 pg per re- 
action tube (Figure 2A). A^Iimited 
screening of reaction conditions was 
performed. However, no improvement 
could be obtained by changing the re- 
action conditions ("data not "shown). 
Two new primers were synthesized and 
tested in one new combination (MV4- 
MV5). The sensitivity obtained by the 
new primer pair was 50 fg per reaction 
tube (Figure 2B). thus being 1000-fold 
better than that obtained by the original 
combination. 

In pertussis PCR, the detection limit 
was 6.5 pg per reaction tube with 
primer pair BP2-BP3, 650 fg per reac- 
tion tube with BP3-BP4 and" 65 fg per 
reaction tube with BPI-BP2 and BP I - 
BP4. The sensitivity differences be- 
tween the primer pairs were clearly 
shown also in the analysis of the naso- 
pharyngeal samples collected from a 



culture-confirmed pertussis case during 
nine consecutive days (Figure 3). Of 
the three primer pairs, BP2-BP3 g ave 
positive result from the first two of 
these specimens (Figure 3C). BP1-BP4 
and BP3-BP4 from the first four speci- 
mens (Figure 3. B and D)and BPI-BP2 
from all seven specimens (Figure 3A). 
The first three of the specimens grew B. 
pertussis by culture. 

Despite the dramatic sensitivity im- 
provement achieved by using optimal 
primer pairs, the PCR assays remained 
specific to the target organisms. Borre- 
lia PCR detected only B. burgdorferi. 
mycobacterial PCR detected only bac- 
teria belonging to the genus Mycobac- 
teriaceae and pertussis PCR detected 
only B. pertussis. 

DISCUSSION 

PCR is a very' powerful method for 
diagnosis of infectious diseases, pro- 
vided that sufficient sensitivity is 



a f n!^ d ' The ^P'ificuiion efficiency 
o PCR depends on the concentration 
of the key reagents in the reaction mix- 
ture, the thermal cycle parameters and 
the primers. The reaction conditions 
can be optimized bv usini: a tura' , n 
approach (9.12). There ai/al>o ceruin 
rules that have to be obe>ed in the 
primer design. The primers should not 
anneal with each other, and high C and 
C content and sequences Ibrmini! hair- 
pin loops should be a\ oideJ. 

Our results suggest that primers are 
decisive for the sensirivir> of PCR. and 
that there is no reliable means m nr e . 
diet the sensitivity achieved b\ a «: ?n 
primer pair. Some primer pairs, unich 
have been designed taking into account 
the basic rules, do not work as effi- 
ciently as expected. An extensive 
search for optimal reaction protocol' 
may be unfruitful with these primers. 
Our findings are in accordance u ith the 
previous observations M.2i. Campbell 
et al. used PCR with two primer r irs 
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selected from the DNA sequence of the 
Chlamydia pneumoniae-specific 474- 
bp Pstl restriction fragment. Although 
aJl reaction parameters were analyzed 
in all possible combinations, one 
.nmer pair still detected fewer infec- 
iious units of C pneumoniae than the 
other. Durigon et al. evaluated 19 prim- 
ers combined into 16 different pairs in 
the PCR of human parvovirus B19 
DiNA. Although all of the primer pairs 
detected all virus strains, some did so 
with greater sensitivity than others. The 
reasons for such a difference in sensi- 
•iviry between primer pairs remain lin- 
gered. It is not clear whether the 
spatial configuration of template DNAs 
or primers play to some extent a role in 
causing the phenomenon. The recombi- 
nant AmpliTaq® DNA polymerase 
(Perkin-Elmer) may be helpful, be- 
cause the enzyme may have a better 
performance than other thermostable 
DNA polymerase to perform PCR with 
certain templates that contain stable 
.ndary structure (6). 
We conclude that if a sufficient PCR 
sensitivity is not obtained with a pri- 
marily selected primer pair, an exten- 
sive search for optimal reaction condi- 
tions may not be justified. It may be 
less time-, money- and work-consum- 
ing to test new primer pairs derived 
from slightly different positions of the 
o^inal target sequence. 
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